Abstract: Adolescent obesity is a growing health concern that can have immense physical and psychological impact. Treatment of morbidly obese adolescents should include a multidisciplinary team to address medical comorbidities, diet, physical activity, mental health, and behavior modification. Anti-obesity pharmacologic agents have a limited role in the treatment of adolescents because of concerns with side effects, safety, and efficacy. Orlistat (GlaxoSmithKline, Moon Township, PA) is the only approved medication for weight-loss in adolescents. However, it is associated with gastrointestinal side effects and its long-term efficacy is unknown. Bariatric surgery is the most effective therapy to treat morbid obesity. However, adolescents must meet rigorous criteria and have appropriate cognitive, psychological, and social clearance before being considered for surgical intervention. Gastric bypass remains the gold standard bariatric operation. The adjustable gastric band is not FDA-approved for use in patients under 18 years of age. Sleeve gastrectomy is a promising procedure for adolescents because it avoids an intestinal bypass and the implantation of a foreign body. Prospective longitudinal assessment of bariatric surgery procedures is required to determine long-term outcomes. In this manuscript, we review the treatment options, efficacy, and impact on quality of life for morbidly obese adolescents.
Introduction
Adolescent obesity is a major public health problem, and it can be associated with multiple comorbidities throughout life. During childhood, obesity is defined as body mass index (BMI) greater than the 95th percentile for age and gender, and it affects 17% of the US population under 19 years of age. 1 The prevalence of obesity and obesity-related disease among adolescents in the US has risen dramatically over the past few decades (Figure 1 ).
Childhood obesity is associated with substantial medical and psychosocial morbidity. 2 Metabolic syndrome is also increasingly prevalent in adolescents, in whom it is defined by the presence of three of the following: central obesity, glucose intolerance, hypertension, and dyslipidemia. 3 The health consequences of this epidemic are enormous and the burdens on our health care system are rapidly increasing. 4, 5 It is critical that health professionals appropriately identify, diagnose, and treat adolescent obesity and its associated comorbidities.
Early intervention during adolescence is essential in halting and reversing the serious long-term health consequences of morbid obesity. Diet, exercise, and behavioral therapy are essential for the treatment of the obese adolescent. 5, 6 However, these interventions alone do not often lead to significant weight reduction in the morbidly obese adolescent. Little is known about the long-term benefits and risks of medications used to treat obesity in adolescents, although they may be beneficial in the short term. 6 Surgical intervention, however, has been shown to lead to the resolution of comorbid conditions such as type 2 diabetes, hypertension, dyslipidemia, obstructive sleep apnea, and liver disease. 7, 8 Comorbidities like nonalcoholic fatty liver disease and diabetes appear to respond better when in the early stages of the disease. 9, 10 For example, islet cell "burn out" can occur in diabetic patients with long-standing disease. 10 Similarly, advanced nonalcoholic fatty liver disease leading to cirrhosis may no longer be reversible. 9 Intervention in patients with a lower BMI is likely more effective in reversing comorbidities since they are less advanced. Furthermore, a low BMI can be achieved when intervention is performed at lower preoperative BMIs. 11 Delaying surgery may result in ongoing weight gain and can impact the "best" weight a patient can achieve. Intervention can also improve life expectancy 12, 13 and quality of life. 14, 15 In the properly selected patient, bariatric surgery is the most effective therapy to treat morbid obesity in adolescents and adults. 7, 16 However, screening and selection for surgical intervention in adolescents can be complicated by factors including patient maturity level, mental health, family dynamics, and social support. In addition, the long-term impact of bariatric surgery on adolescents requires longitudinal assessment.
Review of surgical strategies
Adolescents with morbid obesity require specialized medical and psychosocial care involving a multidisciplinary team. 17 The multidisciplinary team consists of a surgeon and/or bariatrician, dietitian, mental health specialist, and bariatric coordinator. While adolescents are commonly treated by pediatricians, they may have chronic diseases more commonly seen in adults. Subspecialists including cardiologists, pulmonologists, gastroenterologists, and endocrinologists should be available for consultation when indicated. Medical work-up should also include an evaluation for depression and other psychiatric disorders. Treatment of depression should be initiated prior to bariatric surgery.
As with adults, adolescents must demonstrate a commitment to lifestyle modifications including adherence to a diet and exercise regimen before being considered for bariatric surgery. Adolescents are required to complete a physiciansupervised behavioral therapy program for a minimum of 6 months. They must be evaluated by a psychologist or psychiatrist with expertise in the psychology of obesity. The comprehensive psychological evaluation involves patient and parent interviews, assessment of the family dynamics, determination of the coping skills of the adolescent, and assessment of the severity of psychosocial comorbidities.
Several laboratory studies are performed to screen for comorbidities as part of the preoperative evaluation. Laboratory tests include fasting glucose and hemoglobin A 1C , liver function tests, lipid panel, chemistry panel, complete blood count, thyroid function tests, minerals and vitamins, coagulation studies, and a pregnancy test. For patients with obstructive sleep apnea, a sleep study is advisable.
Although bariatric surgery has an extremely low risk of death, [18] [19] [20] both patients and parents must be aware that bariatric surgery is a procedure with potential complications. Postoperatively, strict adherence to dietary regimens and follow-up are paramount. Patients must be highly motivated and capable of understanding the lifestyle changes that are necessary. They must also understand the risks, side effects, and lifelong need for medical surveillance. It is also critical that access to the bariatric team is readily available in order to address the potential short-and long-term consequences of bariatric surgery. For patients under 18 years of age, informed consent is obtained from parents and assent is obtained from the adolescent.
Indications for bariatric surgery in adolescents are similar to adults 7 ( mild obstructive sleep apnea, mild NASH, hypertension, dyslipidemia, and impaired quality of life. Skeletal maturity (completion of 95% of adult stature on radiographic study) should be achieved prior to performing malabsorptive procedures, given the potentially higher risks of nutrient and vitamin deficiencies and impact on growth and development. In general, the minimum recommended age for girls is 13 years and for boys is 15 years. There are three bariatric operations that are routinely performed in the US in adults and adolescents: gastric bypass, gastric banding, and sleeve gastrectomy ( Figure 2 ). All procedures are now performed routinely using a laparoscopic approach. Procedures have been historically divided mechanistically into three types: restrictive, malabsorptive, and combined restrictive/malabsorptive. Restrictive procedures are those which promote early satiety by decreasing the capacity of the stomach or pouch. Malabsorptive procedures involve bypassing a segment of intestine to minimize absorption. Roux-en-Y gastric bypass remains the gold standard for long-term weight loss. 7 It is both a restrictive and malabsorptive procedure (Figure 2A ). The stomach is divided with a stapler to create a small gastric pouch. Intestinal bypass is achieved with a 100-150 cm Roux jejunal limb. Potential complications of this procedure include dumping syndrome, malabsorption, mineral deficiency, marginal ulcer, stomal stenosis, and internal hernia. 21 Gastric bypass in adolescents appears to be more effective than gastric banding in weight loss and resolution of comorbidities. 8 The mean excess body weight loss is .60%. The major disadvantage of gastric bypass is the malabsorption caused by intestinal bypass and the lifelong need for nutritional supplementation. Bypass can also prevent endoscopic surveillance of the bypassed foregut. Potential BMi $ 40 with other comorbidities (hypertension, insulin resistance, glucose intolerance, impaired quality of life or activities of daily living, dyslipidemia, sleep apnea).
General requirements
• Physician-supervised behavioral therapy (.6 months) with demonstrated commitment to follow-up and evidence of diet and physical activity changes.
• Skeletal maturity and Tanner Stage iv/v (if a malabsorptive procedure will be performed).
• Psychiatric/psychological clearance.
• Cognitive maturity (informed assent for patients under 18 years of age).
• Appropriate family/social support.
short-term complications of bypass include anastomotic leak, bleeding, and thromboembolic disease. Potential longterm complications include bowel obstruction, symptomatic cholelithiasis, and micronutrient deficiencies (eg, iron, calcium, and vitamin B12).
Adjustable gastric banding is a restrictive procedure that is less invasive, potentially reversible, and requires a shorter hospitalization ( Figure 2B) . [22] [23] [24] [25] It involves placing an adjustable band around the stomach that restricts the passage of food. The band tightness is adjusted by needle injection of fluid into a port that is located in the subcutaneous tissue. Frequent adjustments are often required to optimize weight loss without causing vomiting. Utilization of gastric banding in adolescents has been increasing despite the lack of FDA (Food and Drug Administration) approval for patients under 18 years of age. 19, 26 Complications of the procedure include gastric erosion, band slippage or displacement, port malfunction or infection, and gastric pouch or esophageal dilation. 21 These complications often require operative revision or removal. Results of gastric banding are generally inferior to gastric bypass. 7, 8 The durability of gastric banding in younger patients has also been questioned because it involves insertion of a foreign body, which is likely to malfunction and ultimately require replacement or removal. 23, 24 In the US, sleeve gastrectomy has become increasingly popular in the last few years. This promising procedure is a restrictive procedure that involves resection of approximately 70% of the stomach ( Figure 2C ). The procedure avoids intestinal bypass. Its long-term weight loss is comparable to that of gastric bypass based on recent short-term studies. 27 In addition to producing satiety by reducing the capacity of the stomach, sleeve gastrectomy is associated with decreased levels of ghrelin (an orexigenic hormone that is produced in the fundus) resulting in appetite suppression and early satiety. 28 Unlike gastric banding, no foreign body is implanted and there is no need for adjustments with sleeve gastrectomy.
Biliopancreatic diversion and duodenal switch is both a restrictive and malabsorptive procedure that is performed in adults but not widely used in the adolescent population. 7 The high-risk profile and potential for significant malabsorption makes the procedure difficult to justify in adolescents.
Review of pharmacologic strategies
Anti-obesity pharmacologic agents are widely used in obese adults. However, in obese adolescents, their use is often limited to research protocols. 29 The safety and efficacy of these agents in obese adolescents is unclear. Laboratories, North Chicago, IL) was withdrawn from the market in October 2010.
Orlistat is a pancreatic lipase inhibitor that reduces fat absorption from the gastrointestinal tract. It has been effective in both adults and adolescent clinical trials in reducing weight. 30 It was approved by the FDA in 2003 for adolescents 12 years or older. 17 It can have significant gastrointestinal side effects such as flatulence, steatorrhea, and malabsorption, especially if dietary fat intake is much more than 30% of total daily caloric intake. A daily multivitamin that contains fat-soluble vitamins is recommended while taking this drug.
Sibutramine is a centrally acting agent that reduces appetite. It inhibits the reuptake of serotonin and norepinephrine and, to some degree, dopamine. The drug was approved by the FDA for patients 16 years or older, but it was withdrawn from the market in October 2010 due to risks of serious cardiovascular events. 31 No pharmacologic agent has been proven effective in achieving long-term weight loss after medication is stopped. The side effects of these pharmacologic drugs are significant, and long-term trials are required for further evaluation. There are various anti-obesity pharmacologic agents on the market. Any anti-obesity drug treatment is only an adjunct to diet and activity therapies. Currently, there are several FDA-approved drugs available for the treatment of obesity in adults. However, only one, Orlistat, is approved for use in children and adolescents. 6 Sibutramine (Abbott 
Relative effectiveness
Behavioral interventions that focus on obese adolescents and families generally have low success in achieving long-term weight loss. 32, 33 Short-term weight loss has been achieved in randomized, controlled trials involving various strategies including diet, control, and exercise. 32, 34, 35 These strategies include calorie and fat reduction, low carbohydrate diet, reduction of sedentary behaviors, and participation in structured, vigorous physical activity. In adolescents, lifestyle intervention can result in a decrease in BMI of 3 units at 1-year follow-up. 35 The results from a meta-analysis reviewing patients ages 4 to 18 years enrolled in comprehensive behavioral interventions (weight loss or healthy diet counseling, physical activity counseling or activity program, and behavioral management techniques) showed that the medium-to-high intensity programs (having 26 hours to over 75 hours of total intervention time) can be effective over the short term (up to 12 months after intervention). 6 Bariatric surgery has proven to be safe and effective in the treatment of morbid obesity as it leads to significant long-term weight loss and the rapid resolution of comorbidities. 7, 16, 36 It is also associated with an increased life expectancy. 12, 13 It has been proposed that procedures that involve duodenal bypass provide better rates of diabetes remission. After gastric bypass, the majority of patients with type 2 diabetes are off medications with dramatic improvements in vital signs, hemoglobin A 1C , and lipid profiles. 16, 37 In adolescents, a meta-analysis of six studies on gastric bypass showed nearly complete resolution of hypertension and sleep apnea along with .35% reduction of BMI. 8 In one prospective multicenter study, dramatic improvement in lipid profile and reduction of BMI was seen when compared to a nonsurgical cohort (21 units vs 1.2 units). 38 A recent Australian randomized controlled trial comparing adjustable gastric banding and a control group ( undergoing a program of lifestyle modification) in morbidly obese adolescents demonstrated a 2-year excess body weight loss of 79% (compared with 13% in the control group). 22 However, the operative patients required frequent follow-up for band adjustments, and there was a 33% reoperation rate which included revisions for band migration, proximal pouch dilation, port-related problems, and infection. In European studies with long-term follow-up, gastric banding results have been worse in younger patients. 23, 24 Compared to gastric bypass, gastric banding is inferior in terms of weight loss. 7, 8 Gastric banding is also thought to have fewer early complications, but a higher rate of late complications. 39 Complications include gastric erosion, band slippage, and pouch dilation.
Sleeve gastrectomy has gained interest recently due to the fact that it is relatively simple to perform, and good mid-term results have been reported in adults. Recent reviews report 33%-85% excess weight loss, an average complication rate of 6.2%, and an overall mortality of 0.17% in adult patients. 40 However, long-term data are limited in both adults and adolescents. 41 Most mid-term results in adults demonstrate results that are nearly equivalent to gastric bypass and superior to adjustable gastric banding in terms of weight loss and resolution of comorbidities. 27, 42 The main concern is its irreversibility and the potential development of early complications including staple-line bleed and leak.
Patient-focused perspectives (quality of life and long-term nutrition)
Obesity can significantly impair psychosocial well-being. In one study, obese children were shown to have a quality of life comparable to children with cancer. 43 The degree of obesity is directly related to impairments in emotional, social, and physical functions. Morbidly obese adolescents experience many problems at school including the social stigma of their weight and physical limitations in various activities. Many are home-schooled because they do not integrate well into the high school environment. Binge eating and self-induced purging also occur in 5%-30% of obese adolescents seeking bariatric surgery. 7 Adolescents who present for bariatric surgery often suffer from depression. 15 For example, 53% of adolescents were mildly depressed, 30% self-reported clinically significant depressive symptoms, and 45% were clinically depressed based on their mothers' reports. 15 Bariatric surgery has been demonstrated to significantly improve quality of life in morbidly obese adolescents. 14, 15 Quality of life scores of patients after gastric bypass were significantly better than adolescents with behavioral therapy for obesity.
14 This was based on the questionnaire addressing physical function, self-esteem, sexual life, public distress, and work. Also patients that had the worst quality of life preoperatively had the most improvement postoperatively. Similarly, significant improvement in overall and weightrelated quality of life was observed after gastric bypass at the 1-year follow-up. 15 These patients showed improvement in physical comfort, physical capabilities, and body esteem, as well as overall psychosocial health.
Nutritional deficiencies are a potential concern following bariatric surgery, and patients need at minimum yearly laboratory tests and close follow-up. Strict adherence to multivitamin and mineral supplementation is critical in preventing nutritional deficiencies. Patients often have low levels of iron, vitamin B12, vitamin D, and calcium after gastric bypass. 44, 45 Adolescents may also be at risk for thiamine deficiency resulting in beriberi. 46 Noncompliance with medical regimens is a major concern, particularly in adolescents. Therefore, adolescents undergoing bariatric surgery must be carefully assessed for ability to comply with medical regimens and follow-up care.
Conclusion
Adolescent obesity remains a major public health problem that can lead to major health risks throughout life. Timely intervention can halt the progression of, or reverse, comorbid conditions, significantly improve quality of life, and potentially increase life expectancy. Anti-obesity pharmacological agents have a limited role in the treatment of adolescents due to concerns regarding side effects, safety, and efficacy. In the properly selected patient, bariatric surgery is superior to behavioral therapy alone in the treatment of morbidly obese adolescents. A multidisciplinary team is required to provide behavioral therapy, assess patient motivation and compliance, and provide ongoing support. The gold standard procedure is laparoscopic gastric bypass. The laparoscopic adjustable gastric banding device is not yet approved by the FDA for adolescents ,18 years of age. Sleeve gastrectomy is a promising procedure for adolescents because it avoids intestinal bypass and implantation of a foreign body. Prospective longitudinal assessment of pharmacologic agents and bariatric surgery procedures is required to determine long-term outcomes.
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